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0 Assembly In the annealing section of a glass tempering apparatus. 



0 The invention relates to an assembly In the 
annealing section of a glass tempering apparatus, 
comprising a glass sheet supporting rollers (7) and 
cooling air blow boxes (1 .3) are disposed above and 
below a glass sheet* A blast pressure applied to the 
bottom surface of a glass sheet because of rollers 
(7) tends to pick up a glass sheet afloat off the 
contact with the rollers. In order to correct the situ- 
ation without changing the cooling effects of the 
opposite surfaces of glass, the radiation absorption 
factor of surfaces (7, 10) t^low a glass sheet is 
higher than the absorption factor of surfaces (9, 11) 
above on the thermal radiation wavelengths of glass. 
Thus, the convection cooling below a glass sheet, 
and accordingly the blast pressure, can t)o reduced 
with respect to the overhead convection cooling. 
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Assembly in the annealing section of a glass tempering apparatus 



The present invention relates to an assembly in 
the annealing section of a glass tempering appara* 
tus, comprising supporting rollers for a glass sheet 
and cooling air blow boxes are disposed above and 
below a glass sheet. s 

A glass sheet carrying rollers cause an asym- 
metric cooling effect as they restrain the mov^ent 
of cooling air. A consequence of this is that cooling 
effect below a glass sheet would remain lower 
unless blast pressure is increased with respect to io 
overhead blast pressure. However* an increase of 
blast pressure produces a bearing air cushion be- 
low a glass sheet and thus the glass sheet tends to 
float or hover off the contact with rollers, whereby 
the movements and transport of glass sheets be- 75 
come uncontrollable. This effect is further in- 
creased by the fact that blast jets force their way 
into wedge-shaped spaces between the rollers and 
a glass sheet. 

The problem Is significant especially with thin 20 
glass sheets as they require higher cooling effects 
which means that pressures and. accordingly, pres- 
sure differences increase while the weight is re- 
duced. In practice, this sets a certain minimum 
limit for glass thickness and glass sheets thinner 25 
than that have been impossible to temper properly. 

Efforts have been made to overcome the prob- 
lem e.g. by preventing the discharge of air from the 
top portion of an annealing or cooling section for 
increasing the pressure above a glass sheet. How- 30 
ever. t>etween and around the glass sheets there 
remains so much access tbie space that this does 
not provide a substantial remedy to the problem. 

Another attempt to solve the problem has been 
to position nozzles above and t>e!ow a glass sheet ^35 
at various distances therefrom. This affects also a 
cooling effect in a manner that, if e.g. the pressure 
below is to be reduced by pulling blast nozzles 
further away, the cooling effect Is reduced at the 
same time and this requires the increase of blast 40 
pressure, whereby the effect of such pulling-away 
is mostly compensated for. 

One practical approach for slightly alleviating 
the problem has been to mount above the glass 
sheets and between the blow boxes false rolls 45 
shaped as a downward open trough which deflect 
the air flow rising up from a glass sheet back 
towards the glass sheet and thus increase a pres- 
sure effect on the top surface of a glass sheet By 
virtue of this solution, it has been possible to tem- 50 
per slightly thinner glass sheets than before. 



An object of the invention is to provide an 
assembly for sut>stantially increasing a pressure 
effect above a glass sheet for maintaining a glass 
sheet in contact with the rollers without, however, 
increasing the coolir^ effect on the top surface of a 
glass sheet. 

According to the invention, this object Is 
achieved in a manner that the radiation absorption 
factor of the surfaces below a glass sheet is higher 
than the absorption factor of the surfaces Bt>ove a 
glass sheet on the thermal radiation wavelengths of 
glass, whereby the cooling effect based on thermal 
radiation below a glass sheet has increased and. 
correspondingly, the cooling effect based on con- 
vection or a blast pressure on the top surface of a 
glass sheet has been increased v/ith respect to the 
blast pressure underneath so as to p>revent a glass 
sheet from floating or hovering off the contact with 
rollers. 

By virtue of this solution, it is poesibie to tem- 
per thinner glass sheets than before but naturally ft 
also facilitates tempering of other glass sheets with 
effective and uniform coofing or anneaRng on both 
surfaces of glass without a risk of a glass sheet 
becoming afloat 

The invention will now be descrii3ed in more 
detail with reference made to the accompanying 
drawings, in which 

fig. 1 shows a part of the annealing section 
of a glass tempering apparatus schematically in 
side view and 

fig. 2 illustrates the dependence of a total 
cooling effect applied to one surface of a glass 
sheet upon the cooling air blast pressure. 

Fig. 1 shows a glass sheet as supported by 
rollers 7 in the annealing and cooling section of a 
glass tempering apparatus. Dispc^e^j above a glass 
sheet are cooling air blow boxes 1, connected by 
air ducts to a bk3wer 5, and below are shown blow 
boxes 3. connected by air ducts to a blower 6. The 
upper and lower blow boxes 1 and 3 can also be 
connected to a common blower for distributing 
blast air by means of pressure control units. 

Blow boxes 1 and 3 extend In a direction 
crosswise to the glass sheet conveying direction or 
parallel to rollers 7. Blow boxes 1 and 3 are pro- 
vided with orifices 2 and 4 in two adjacent arrays 
so that blast air jets are directed obliquely towards 
the surface of a glass sheet. 

Aligned with rollers 7 above a glass sheet are 
"false rolls" 8, having a surface 9 in the shape of a 
downward open trough. These false rolls 8 increase 
the pressure applied to the top surface of a glass 
sheet by deflecting air flows coming up from a 
glass sheet back towards tfte glass sheet. 
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Rollers Timpede the circulation of cooling air 
on the bottom surface of a glass sheet and thus 
decrease the bottom surface cooling effect to such 
a degree that the increase of underneath blast 
pressure required for compensating for this de- 6 
creased cooling effect results in thin glass sheet 
rising off said rollers 7. This undesired peh- 
nomenon is further intensified by the fact that blast 
air tends to force its way Into wedge-shaped 
spaces between the rollers and a glass sheet. The io 
problem has been resolved by making the radiation 
absorption factor of the surfaces below a glass 
sheet especially that of box surfaces 1 0 and roller 
bodies 7, higher than the absorption factor of the 
surfaces above said glass on the thermal radiation ts 
wavelengths of glass. 

Thus, when the total cooling effect of t)oth 
surfaces of a glass sheet is substantially equal, the 
radiation cooling of the top surface will be lower, 
but the convection cooling will be higher than the zo 
corresponding bottom surface cooling components. 

Although the cooling effect based on radiation 
is just a fraction of the cooling effect based on 
convection, the effect obtained by the invention is 
pronounced especially on thin glasses. This is illus- 25 
trated in fig. 2, wherein the X-axis generally repre- 
sents a cooling effect q and particularly a cooling 
effect qk. the latter being the sum of a cooling 
effect qs and a heat transfer effect q p resulting 
from the cooling blast The Y-axis represents a 30 
cooling blast pressure P. which produces a cooling 
effect qp. The figure shows by way of an example 
a situation where the mean absorption factor of the 
surfaces below glass is twice as much as that 
above glass, whereby the cooling effect qsA trans- 35 
ferring from the bottom surface of glass by means 
of radiation is also twice as much as the cor- 
responding effect qsY from the top surface of glass. 
The dash-and-dot line curve qsv + qp thus repre- 
sents the total cooling effect from the top surface 40 
of glass and, accordingly, the solid-line curve qsA 
+ qp represents the total cooling effect from the 
bottom surface of glass. A typical feature in tem- 
pering is to aim at the same cooling effect qk on 
both surfaces of glass or otherwise glass is prone 45 
to bend during the process. 

Fig. 2 illustrates also a typical cooling effect 
qiti, required by 6 mm glass with respect to a 
cooling effect qita, required by 4 mm glass. It can 
be readily noted from the figure how the difference so 
between corresponding blast pressures increases 
as glass t>ecomes thinner. On 6 mm glass this 
difference is Piy -PiAand on 4 mm glass it is Pgy - 
Pax. 

For the sake of clarity it should be noted, as 65 
pointed out before, that function qp is different on 
different sides of glass, i.e. the demand for pres- 
sure is greater below for providing an equal, blast- 



induced cooling effect The figure indicates, how- 
ever, that this undesired phenomenon can be com- 
pensated for by having different absorption factors 
be\ow and above the glass. 

By having the absorption factor of the surfaces 
t>elow glass as high as possible, preferably higher 
than 0.8. the radiation cooling atjove a glass sheet 
can be maintained the same in most cases, which 
offers the advantage that radiation cooling need not 
be replaced with power-consuming convection 
cooling but the convection and blast pressure be- 
low glass can be reduced. However, if this is not 
sufficient for producing a desired compensation 
effect, it is possible to use surfaces above glass, 
whose absorption factor is below 0,5 or 0,4. Espe- 
cially the trough surfaces 9 of false rolls 8 can be 
designed so as to reflect heat rays on the thermal 
radiation wavelengths of glass. 

Below the glass, it is possible to arrange also 
other surfaces having a high absorption factor than 
surfaces 10 of Jet boxes 3. The absorption factor of 
surfaces 11 above the glass can t>e substantially 
lower than the absorption factor of surfaces 10 of 
boxes 3 underneath. 

It is ot>vious that the invention is not limited to 
the above embodiment but that the structural de- 
tails may vary In many ways within the scope of 
the annexed claims. An essential feature in the 
invention is that a proper selection of the absorp- 
tion factors of tfie surfaces bekw and above a 
glass sheet can be used to create conditions, in 
which the tempering of thinner glass sheets than 
before has been made possible while at the same 
time innproving the blast tempering corwJitions for 
glass sheets of all thidcnesses. 



Claims 

1. An assembly in the annealing section of a 
glass tempering a^sparatus, comprising a glass 
sheet supporting rollers (7) and cooling air blow 
boxes (1) are disposed akx)ve and below a glass 
sheet, characterized in that the radiation absorp- 
tion factor of surfaces (7. 10) below a glass sheet is 
higher than the absorption factor of surfaces (9. 
11) above a glass sheet on the thennal radiation 
wavelengths of glass, whereby a cooling effect 
based on heat radiation below a glass sheet has 
increased and correspondingly a cooling effect 
based on convection, i.e. a blast pressure, on the 
top surface of a glass sheet has t^een increased 
with respect to a blast pressure below so as to 
prevent a glass sheet from floating off the contact 
with the rollers. 

2. An assembly as set forth in claim 1. char- 
acterized in that when the total cooling effect of 
both surfaces of a glass sheet is substantially 
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equal, the radiation cooOng effect of its top surface 
is lower but the convectior^ cooling is higher than 
the corresponding cooling components of the bot- 
tom surface. 

3. An assembly as sot forth in claim 1 or 2, 6 
characterized in that the absorption factor of sur- 
faces (10) below a glass sheet is as high as possi- 
ble, preferably higher than 0,8. 

4. An assembly as set forth in daim 1, 2 or 3, 
characterized in that above a glass sheet there io 
are surfaces (9), whose absorption factor is below 

0,5 or 0,4. 

5. An assembly as set forth in daim 1. 2 or 3, 
Characterized in that said surfaces (10) of jet 
boxes (3) below a glass sheet have a high absorp- i5 
tion factor. 

6. An assembly as set forth in daim 1. 2 or 4. 
comprising false rolls (8) shaped as a downward 
open trough above the glass sheets, character- 
ized in that the trough surfaces (9) of said false 20 
rolls (8) are surfaces highly reflective of heat rays 

on the thermal radiation wavelengths of glass. 
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